###### Strengths and limitations of this study

-   This prospective cohort study is among the largest studies following a general population at baseline free from stroke or previous myocardial infarction.

-   Outcomes were strictly validated as hospital discharge diagnosis of first myocardial infarction, International Classification of Diseases, Ninth Revision (ICD9) 410 and ICD10 I21 or a death certificate with a diagnosis of 410 or I21 as underlying cause of death without previously known myocardial infarction.

-   We lack information on diabetes complications at inclusion into the cohort or on any autopsy data.

Introduction {#s1}
============

Worldwide more than 7 million peopled died of coronary heart disease in 2011.[@R1] In Sweden, 16% of all deaths were from coronary heart disease in 2011, and of these 47% died of acute myocardial infarction (MI).[@R2] [@R3] There are numerous risk factors for coronary heart disease. However, most interest has been directed towards standard risk factors that can be collected from patients while visiting a physician\'s office; for example, age, sex, systolic blood pressure, smoking, cholesterol, diabetes and body mass index (BMI).[@R4] [@R5] Self-rated health, the answer to a simple question such as: "How would you rate your general health last year?", is associated with total mortality and coronary heart disease.[@R6] In a Danish cohort self-rated health was an independent predictor of coronary heart disease.[@R7] The association between self-rated health and coronary heart disease has been confirmed in cohorts at baseline free from cardiovascular disease: in elderly \>70 years; in a population-based cohort of persons aged 39--74 years; in women with suspected myocardial ischaemia with major cardiovascular disease as the outcome.[@R8] A case--control study within the Västerbotten Intervention Programme cohort, showed a significant interaction between self-rated health and the number of biomedical risk factors present. The study was based on 78 cases of MI in the case group and 156 persons in the control group.[@R11]

We did this research because self-rated health might contribute to the set of standard risk factors that should be assessed in relation to risk prediction of coronary heart disease. Before self-rated health can be used in relation to standard risk factors there is a need to assess interaction in large prospective population studies.

The aim of this study was to investigate the relationship between self-rated health, adjusted for standard risk factors and the outcome of fatal or non-fatal MI.

Methods {#s2}
=======

Setting and study population {#s2a}
----------------------------

The Västerbotten Intervention Programme began in the late 1980s and is still running. It was designed to prevent premature cardiovascular disease and diabetes among the middle-aged population of Västerbotten County, Sweden. In short: all Västerbotten\'s residents are invited to participate in the Västerbotten Intervention Programme on reaching the age of 40, 50 or 60 years. Individuals aged 30 were invited to participate until 1995. Participation is voluntary and the participation rate gradually increased and was mean 60% during 1990--2004.[@R12] A dropout rate analysis in 1998 indicated only a small social selection bias.[@R12] The programme is conducted by specially trained medical personnel at local health centres. Participants completed a questionnaire and then met a nurse with whom they discussed their own risk of future cardiovascular disease on the basis of measurements of biochemical and behavioural cardiovascular disease risk factors. Participation was free of charge during the first years of the programme. Later on a fee of 100--200 Swedish Crowns (SEK) was charged (about €10--€20). Date of entry into the cohort is the date for filling in the questionnaire. The current study is based on data obtained between 1990 and 2004. The programme is described in detail elsewhere.[@R13] The Swedish national inpatient register was followed until 31 December 2009 and the Swedish death certificate register until 31 December 2008. The total cohort consisted of 75 386 men and women. Participants were excluded if they stated at baseline that they had had hospital care for verified MI (n=741); or missing data on this item (1754); or hospital care for MI or stroke according to the Swedish national hospital discharge diagnoses register from 15 December 1986 until 12 months after entry into the cohort (n=271); or death within 12 months after entry into the cohort (n= 90). The cohort under analysis thus consisted of 72 530 men and women, see [figure 1](#BMJOPEN2014006589F1){ref-type="fig"}.

![Exclusions from the original data set of the Västerbotten Intervention Programme. Recruitment period 1990--2004.](bmjopen2014006589f01){#BMJOPEN2014006589F1}

Assessment of covariates {#s2b}
------------------------

Covariates were assessed at baseline during a visit to the local healthcare centre. Biometrical measurements were taken including blood samples. Participants then filled in a comprehensive questionnaire covering, among other things, medical history regarding cardiovascular disease and diabetes, prior hospital care due to verified MI, educational level, physical activity in leisure time, smoking, and an assessment of self-rated health. Systolic blood pressure, total cholesterol, BMI, smoking, diabetes, age and sex were considered as standard risk factors. We added education as it is a proxy for social class and physical activity as it is a modifiable risk factor.

Outcomes and ascertainment of diagnoses {#s2c}
---------------------------------------

Outcome was defined by the combination of hospital discharge diagnoses of first MI or a death certificate with the underlying cause of death as MI. Diagnoses International Classification of Diseases, Ninth Revision (ICD9) 410, ICD10 I21 were used. A total of 1825 incident first cases of MI were registered and 335 MI deaths, totalling 2062 cases of the combined end point of fatal or non-fatal MI. Diagnoses from hospital discharges were collected from the Swedish national inpatient register. The diagnoses in the register have a validity of 98%.[@R14] The Swedish death certificate register is based on international rules for classifications of deaths with a data programme to minimise misclassifications.[@R12] The errors in the Swedish death certificate register are of the same magnitude as in other countries in the industrialised world with a validity of 87% for ischaemic heart disease.[@R15]

Blood pressure was measured in a recumbent position using a manual sphygmomanometer on the right mid-arm at the level of the heart after at least 5 min of rest. Two blood pressure measurements were taken, and the average systolic pressures were recorded. BMI (kg/m^2^) was calculated from measurements of height and weight in light indoor clothing. Cholesterol was measured on a venous blood sample obtained after an overnight fast and analysed on Reflotron bench-top analysers (Boehringer Mannheim GmbH, Mannheim, Germany). Glucose concentrations were determined after an overnight fast on capillary plasma using Reflotron bench-top analysers (Boehringer Mannheim GmbH, Mannheim, Germany) and from 2004 on a Hemocue bench-top analyser (Quest Diagnostics). All participants with fasting capillary plasma glucose below 7.0 mmol/L were offered a simplified oral glucose tolerance test according to the WHO standard.[@R16] Participants were considered as having diabetes if they answered 'yes' to the question 'Do you have diabetes?' or had fasting plasma glucose ≥7.0 and/or 2 h plasma glucose ≥12.2 mmol/L.

For educational status, 9 years of compulsory school was classified as low, 12 years of school as medium, and postsecondary education as high education. Physical activity was assessed as sedentary if: respondents never exercised, went cycling or walking during leisure time less than 2--3 times per week, used car or bus for commuting to work, or cycled or walked to work less than 2 km each way; active if: they trained at least 2--3 times per week or went cycling or walking to work more than 5 km per way. Smoking was assessed by the question "Do you smoke at present?" with answer alternatives: "No, I have never smoked; Yes, I smoke cigarettes daily; Yes, I smoke cigars; Yes, I smoke a pipe; Yes, I smoke occasionally; Not now, but I used to smoke regularly; Not now, but previously I smoked occasionally". All categories of smoking were used in the regression analyses but only the results for never-smokers and daily cigarette smokers are presented in the results section. The self-rated health question was formulated "How do you consider your general state of health last year?" Response alternatives were: very good, pretty good, somewhat good, pretty poor or poor.

Statistical analysis {#s2d}
--------------------

The association between self-rated health and baseline characteristics according to [table 1](#BMJOPEN2014006589TB1){ref-type="table"} was tested by using χ^2^ test for categorical variables and analysis of variance (ANOVA) for continuous variables. Variables were examined visually in box plot analyses and stem--leaf diagrams before testing with Cox proportional hazard regression method. Log minus log diagrams were used to ascertain the proportional hazard assumption. Interaction terms were calculated between self-rated health and variables. HR adjusted for age and sex were calculated for variables. Continuous variables were categorised in order to access linearity between the variable and HR (data not shown). A multivariable analysis with age, sex, systolic blood pressure, serum cholesterol, BMI, daily smoking of cigarettes, manifest diabetes physical activity, education and self-rated health was finally calculated ([table 2](#BMJOPEN2014006589TB2){ref-type="table"}). Sensitivity analysis of the final models was performed using BMI categorised in five levels. Interaction was also assessed by stratification by the five categories of self-rated health on age-adjusted and sex-adjusted HR for each variable ([table 3](#BMJOPEN2014006589TB3){ref-type="table"}).

###### 

Baseline data and outcomes in relation to self-rated health

                                             Self-rated health n (%)                                                                
  ------------------------------------------ ------------------------- -------------- -------------- --------------- -------------- ---------
  Age, mean                                  48.1 (8.9)                48.2 (9.3)     48.2 (9.8)     46.3 (9.7)      45.7 (9.4)     \<0.001
  Men                                        368 (38.2)                1460 (38.5)    7118 (46.6)    16 411 (49.9)   9185 (49.4)    
  Women                                      569 (61.8)                2330 (61.5)    8158 (53.4)    17 132 (51.1)   9415 (50.6)    \<0.001
  Systolic BP mm Hg mean                     128.4 (18.7)              128.4 (18.4)   128.7 (18.4)   126.5 (17.5)    124.9 (16.2)   \<0.001
  Total cholesterol mmol/L mean              5.7 (1.3)                 5.7 (1.2)      5.7 (1.2)      5.6 (1.2)       5.5 (1.2)      \<0.001
  BMI kg/m^2^ mean                           26.7 (4.9)                26.5 (4.7)     26.4 (4.4)     25.5 (3.9)      24.9 (3.5)     \<0.001
  Smoking, cigarettes daily yes/no           225 (23.8)                785 (21.1)     3067 (20.4)    5921 (17.9)     2595 (14.2)    \<0.001
  Diabetes mellitus yes/no                   54 (6.0)                  212 (6.0)      837 (5.9)      1101 (3.5)      423 (2.4)      \<0.001
  High educational level yes/no              195 (20.5)                826 (21.9)     3027 (20.0)    7929 (23.8)     5224 (28.3)    \<0.001
  Physically active yes/no                   135 (14.1)                419 (11.1)     1556 (10.2)    4328 (12.9)     3621 (19.5)    \<0.001
  Antihypertensive treatment yes/no          137 (14.2)                512 (13.5)     2000 (13.1)    2689 (8.0)      713 (3.8)      \<0.001
  Fatal or non-fatal myocardial infarction   37 (3.8)                  120 (3.2)      578 (3.8)      921 (2.7)       406 (2.2)      \<0.001

Västerbotten Intervention Programme. Recruitment period from 1990 to 2004.

BMI, body mass index; BP, blood pressure.

###### 

HRs in relation to outcome fatal or non-fatal myocardial infarction

                                               Separate Cox regression for each risk factor adjusted for sex and age   Multivariable analysis, standard risk factors   Multivariable analysis, including education and physical activity                              
  -------------------------------------------- ----------------------------------------------------------------------- ----------------------------------------------- ------------------------------------------------------------------- ------------------ ------- ------------------
  Sex (female ref)                             3.20                                                                    (2.90 to 3.50)                                  3.27                                                                (2.94 to 3.63)     3.24    (2.91 to 3.61)
  Age (years)                                  1.088                                                                   (1.082 to 1.094)                                1.068                                                               (1.061 to 1.074)   1.065   (1.058 to 1.072)
  Systolic blood pressure                      1.014                                                                   (1.011 to 1.016)                                1.011                                                               (1.008 to 1.013)   1.011   (1.008 to 1.013)
  Total cholesterol                            1.32                                                                    (1.28 to 1.37)                                  1.28                                                                (1.23 to 1.32)     1.27    (1.23 to 1.32)
  Smoker, daily cigarette (ref never-smoker)   2.65                                                                    (2.37 to 2.95)                                  2.63                                                                (2.34 to 2.96)     2.58    (2.29 to 2.91)
  Manifest diabetes (ref no diabetes)          2.14                                                                    (1.85 to 2.48)                                  1.73                                                                (1.48 to 2.02)     1.71    (1.46 to 2.01)
  BMI                                          1.05                                                                    (1.04 to 1.06)                                  1.02                                                                (1.012 to 1.04)    1.02    (1.01 to 1.04)
  Self-rated health last year poor             2.03                                                                    (1.45 to 2.84)                                  1.61                                                                (1.13 to 2.31)     1.55    (1.08 to 2.23)
  Self-rated health last year pretty poor      1.56                                                                    (1.27 to 1.91)                                  1.26                                                                (1.01 to 1.57)     1.18    (0.94 to 1.48)
  Self-rated health last year somewhat good    1.60                                                                    (1.41 to 1.82)                                  1.36                                                                (1.19 to 1.56)     1.32    (1.15 to 1.52)
  Self-rated health last year pretty good      1.27                                                                    (1.13 to 1.43)                                  1.17                                                                (1.04 to 1.33)     1.14    (1.01 to 1.30)
  Self-rated health last year very good        1                                                                       ref                                             1                                                                   ref                1       ref
  Education short (ref=long)                   1.65                                                                    (1.43 to 1.89)                                                                                                                         1.23    (1.06 to 1.43)
  Physical activity, sedentary (ref active)    1.62                                                                    (1.37 to 1.91)                                                                                                                         1.23    (1.02 to 1.47)

Separate Cox regression models for each risk factor together with sex and age and two models with multivariable analysis. Västerbotten Intervention Programme. Recruitment period from 1990 to 2004.

BMI, body mass index.

###### 

Stratification by self-rated health on risk factors for fatal or non-fatal myocardial infarction

  Adjusted for age and sex, HR (95% CI)                                                                                                    
  ------------------------------------------- ------------------------- --------------------- --------------------- ---------------------- ---------------------
  Self-rated health last year poor            1.014 (0.995 to 1.032)    1.29 (1.0 to 1.64)    2.70 (1.01 to 7.24)   5.55 (2.42 to 12.68)   1.01 (0.95 to 1.08)
  Self-rated health last year pretty poor     1.010 (1.000. to 1.020)   1.41 (1.23 to 1.60)   1.75 (1.12 to 2.75)   1.94 (1.13 to 3.34)    1.05 (1.01 to 1.09)
  Self-rated health last year somewhat good   1.014 (1.010 to 1.018)    1.27 (1.19 to 1.35)   2.90 (2.33 to 3.61)   2.10 (1.64 to 2.69)    1.03 (1.01 to 1.05)
  Self-rated health last year pretty good     1.013 (1.009 to 1.016)    1.28 (1.22 to 1.35)   2.29 (1.94 to 2.70)   2.06 (1.65 to 2.59)    1.05 (1.04 to 1.07)
  Self-rated health last year very good       1.014 (1.008 to 1.020)    1.48 (1.37 to 1.60)   3.35 (2.62 to 4.28)   1.52 (0.96 to 2.39)    1.04 (1.01 to 1.07)

Västerbotten Intervention Programme. Recruitment period from 1990 to 2004.

BMI, body mass index.

Results {#s3}
=======

The mean follow-up time for fatal or non-fatal MI was 13.2 years (SD 3.9). In total 2062 persons reached the outcome of fatal or non-fatal MI. Baseline data and outcomes in relation to self-rated health are presented in [table 1](#BMJOPEN2014006589TB1){ref-type="table"}. Persons in the 'pretty good' and 'very good' categories of self-rated health were younger and had a higher education. They also had lower systolic blood pressure, were leaner, had slightly lower total cholesterol, a smaller proportion of them were daily cigarette smokers and had diabetes, and there were relatively fewer fatal or non-fatal MI s in this group. All variables differed statistically significantly in relation to self-rated health categories when tested with χ^2^ test or ANOVA.

[Table 2](#BMJOPEN2014006589TB2){ref-type="table"} displays crude HR for sex and age and separate Cox regression models for each risk factor adjusted for sex and age. The proportional hazards assumption was not violated. We did not stratify the data by sex as interaction terms showed no significant interaction in relation to self-rated health with p values ranging from 0.08 to 0.75 in different self-rated health categories. HRs for self-rated health 'poor' was 2.03 (95% CI 1.45 to 2.48) and falling according to self-rated health categories to 'pretty poor' 1.56 (95% CI 1.27 to 1.91); 'somewhat good' 1.60 (95% CI 1.41 to 1.82) and 'pretty good' 1.27 (95% CI 1.13 to 1.43) (see [figure 2)](#BMJOPEN2014006589F2){ref-type="fig"}. In the multivariable analysis, for all standard risk factors HRs were attenuated except for sex. All categories of self-rated health worse than very good remained statistically significant. Adding education and physical activity further attenuated self-rated health but all categories except 'pretty poor' remained statistically significant, see [table 2](#BMJOPEN2014006589TB2){ref-type="table"}.

![Cumulative proportion of cohort not reaching the end point of fatal or non-fatal myocardial infarction. Västerbotten Intervention Programme. Recruitment period 1990--2004.](bmjopen2014006589f02){#BMJOPEN2014006589F2}

Time to fatal or non-fatal MI was calculated for the five categories of self-rated health. The mean times for poor, pretty poor, somewhat good, pretty good and very good were 147, 149, 154, 159 and 165 months, respectively. A scatter diagram with time to outcome and the five categories of self-rated health gave no sign of an accumulation of early outcomes in the two lowest categories of self-rated health. The sensitivity analysis using BMI, not as a continuous variable but categorised in five levels, did not alter the HRs for self-rated health.

[Table 3](#BMJOPEN2014006589TB3){ref-type="table"} shows HRs for variables in the multivariable analysis of standard risk factors in [table 2](#BMJOPEN2014006589TB2){ref-type="table"} stratified by self-rated health category. No notable difference can be seen except for manifest diabetes where HR is 5.55 (95% CI 2.42 to 12.68) in the category poor whereas the HR ranges from 1.52 to 2.10 in the other self-rated health categories. The interaction term for 'poor' and manifest diabetes was significant, p=0.011.

Discussion {#s4}
==========

Principal findings {#s4a}
------------------

Self-rated health is an independent predictor of fatal or non-fatal MI among standard risk factors. Adjusting for standard risk factors in a multivariable analysis attenuates HRs but a substantial relationship between self-rated health and fatal or non-fatal MI remains. The dose--response relationship between self-rated health and the outcome adds strength to the connection between self-rated health and the outcome. Self-rated health is not an effect modifier of standard risk factors for MI except for diabetes and poor self-rated health.

Strengths and weaknesses of the study {#s4b}
-------------------------------------

The Västerbotten Intervention Programme has an attendance rate of around 60% and has internal validity. Whether the intervention has had an impact on the relation between self-rated health and the outcome has not been evaluated in this study. This study is among the largest published studies following a total population of men and women, at baseline free from major cardiovascular disease (MI or stroke) with a strictly defined end point of fatal or non-fatal MI. The combined end point of fatal, non-fatal MI covers conditions that in 1990 might have had poorer survival outcomes than in 2009, as advances in coronary intervention procedures and treatment have increased survival following MI. This allows comparison over the long timespan covered. The study is large enough to allow presentation of the five self-rated health categories in the original questionnaire as presented to the participants. The study protocol has mainly been the same since the start of the Västerbotten Intervention Programme in 1990 and the staff is well trained. We believe that the procedure of combining the questionnaire with biomedical measurements and the subsequent health discussion with a trained nurse might have contributed to the reliability in answering the questionnaire. The lack of data on high-density lipoprotein and low-density lipoprotein cholesterol levels could be seen as a limitation of the study. HRs are not adjusted to other factors than standard risk factors. Psychological factors and socioeconomic factors other than education were not adjusted for. These factors are important but beyond the scope of this study.

Reverse causality---that the effect of self-rated health on risk of fatal or non-fatal MI is not an effect of self-rated health---but that pre-existing disease gives low self-rated health must be considered. The quality of the registers used is high and the exclusion of patients with pre-existing MI or stroke was rigorous. Outcomes and death of any cause within a year after entry were also excluded. The mean time of 147 months (12 years) between entering the study and the outcome in the group with poor self-rated health, together with a scatter plot giving no sign of early outcomes makes a major influence of reverse causality less probable.

The out-of-hospital deaths are based on death certificates of varying quality. The autopsy frequency in Sweden is declining although around 21% of all diagnoses of MI were based on autopsy in 2004.[@R17] Out-of-hospital deaths are often certified by general practitioners and as a rule patients who die unexpectedly without previously known cardiovascular disease are sent for autopsy. We lack information about the frequency of autopsy in this cohort. This study has not investigated the prevalence of diabetes comorbidity and functional impairment at baseline, thus not allowing exclusions of participants with diabetes with poor health at baseline. The interaction between poor self-rated health and manifest diabetes could thus be explained by reversed causation. In a recent study there was an increased HR for death in participants with diabetes with low self-rated health even when controlled for prior MI, stroke, cancer and standard risk factors.[@R18] The authors however admit the difficulty in controlling for other potential residual confounding from comorbidity other than MI, stroke or cancer not assessed at baseline health examinations.

Findings in relation to other studies {#s4c}
-------------------------------------

This study confirms findings in previous studies.[@R7] [@R19] Self-rated health is an independent risk factor for MI or cardiovascular disease. The findings are similar to those presented by van der Linde *et al*[@R9] although that study had broader, less-defined outcome categories and was smaller, covering 20 941 persons. On the other hand, it included more variables such as alcohol use, intake of vegetables and family history of MI and stroke and the numerical values of HRs were higher. This may be attributed to less well-defined cardiovascular disease, or the use of a four-grade scale of self-rated health, or a lower participation rate of 33% or contextual and semantic differences between a British and Swedish setting or an effect of the Västerbotten Intervention Programme.[@R20] [@R21]

Self-rated health is well studied.[@R19] [@R22] [@R23] To reduce its association with outcomes of fatal or non-fatal MI to negligible levels in multivariable analysis needs more than adjusting for standard risk factors. Self-rated health in itself is hardly the cause of a strict biological event such as death or MI. It is rather a statistical predictor through its ability to comprehensively account for factors important to the outcomes. There must however be a biological causative link between self-rated health and hard biological outcomes.[@R23] Direct bodily feelings such as anxiety, depression or stress could affect both self-rated health and the physiological state of the body. There is an association between elevated levels of inflammatory markers and self-rated health.[@R24] The association noted was not accounted for by objective health diagnoses, medication use or health behaviours. Thus self-rated health provided unique information regarding inflammatory status above and beyond traditional objective health indicators.[@R24] In another study, allostatic load, a combined measure of physiological dysregulation, was tied to self-rated health.[@R25] The researchers argued that self-rated health formed early in life might be an important determinant for long-term health closely tied to physiological changes in the body. These findings do not exclude a link to psychosocial association such as economic distress, unemployment or psychological factors, both protective and harmful.[@R26] We propose that future research might follow complementary directions. First, continued research on cytokines, alterations in the body\'s stress system, and on allostatic load and relations to self-rated health and outcomes. Second, in the direction of emotions, symptoms and existential health where concepts such as meaning, trust, optimism, and religious activity are included and related to outcomes.[@R27] [@R28] The question of whether interventions aimed at improving self-rated health may improve cardiovascular health and disease-related outcomes has been raised.[@R9] This deserves further attention.

Implications {#s4d}
------------

This study gives support to the idea of including an easily assessable self-rated health question among standard risk factors of MI. No major interaction between self-rated health and other standard risk factors has been found. This information is of clinical importance. However demonstration that self-rated health adds predictive value in combined algorithms together with standard risk factors requires updated methods.[@R29]
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